The study suggests that Portland has a robust and competitive green building cluster that is supported by many of the elements described in Porter"s "diamond" -local and export demand, a critical mass of leading edge firms, strong supporting institutions, qualified employees, and a robust supply chain. The study also identifies areas in need of additional support in order to realize the full potential for economic development in this cluster.
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Introduction
The City of Portland and the State of Oregon have both identified the green building industry as an area of opportunity. Architectural, design and development businesses in the region are recognized as national leaders. As of September 2007, Portland had the highest number of LEED ® certified buildings in the country, followed by Seattle and informants to help estimate the percentage of overall building activity that involves green practices in Portland, using the figures developed for the Seattle study as a baseline.
Using these ranges, estimates of the wages related to green building were developed based on data from the overall construction industry.
Fifteen individuals or firms were interviewed or responded to a questionnaire for this study. Respondents included representatives of architecture firms, developers, landscape architecture firms, engineering firms, wood products companies, green building consultants, certifying organizations, and non-profits. Appendix I provides the interview protocol/questionnaire and Appendix II provides a list of firms represented. This study is more limited in scope than the Seattle study referenced above, due to time and resource constraints as well as the availability of some types of data, such as the volume of sales.
(Because Oregon does not have a sales tax, such data is not readily accessible). Despite this more limited focus, the study provides a starting point for developing a better understanding of the dynamics and impacts related to this emerging industry. The U.S. Green Building Council"s (USGBC) LEED Green Building Rating system TM dominates the commercial green building field in the US . Currently, over 3 billion square feet of building space nationally are covered by the LEED program (USGBC, www.usgbc.org). LEED ratings are based on performance in five areas of human and environmental health: sustainable site development, water savings, energy efficiency, materials selection, and indoor environmental quality. Registering a building with the USGBC indicates the builder or owner"s intention to seek LEED certification. Upon completion, buildings can achieve basic certification, or silver, gold, or platinum LEED ratings depending upon their scores in each of the five areas noted above.
Interest in green building has been growing rapidly since LEED was launched in 2000.
The USGBC estimates that the annual U.S. market in green building products and services was over $7 billion in 2005, and was expected to increase to $12 billion in 2007 (USGBC, http://www.usgbc.org). McGraw Hill"s SmarkMarket Report estimated that by 2010 between 5% and 10% of all new non-residential construction is expected to be designed using green building principles, which would represent an investment of between $10.2 and $20.5 billion (McGraw Hill, SmartMarket Report, 2006) . This study focuses on the green building industry in the Portland area, encompassing Clackamas, Multnomah, and Washington counties 2 . The City of Portland has been actively supportive of the green building sector for a number of years; recently, Clackamas County has also made green building a central focus for its economic development strategy (Clackamas County Fifth Community Congress, June 2007 http://www.co.clackamas.or.us/community/packets/congress_07sustainability.pdf) . In 1999 Portland"s Energy Office launched a "Green Building Initiative" focused on how the city could support "resource efficient and healthy building practices." Since then, the city"s Office of Sustainable Development (OSD; successor to the Energy Office) has developed an active green building program that provides information, education, technical assistance, and financial resources to the green building industry. The State of Oregon also recognizes the economic opportunities related to green building -in 2007, the Oregon State Legislature funded the Oregon Bio-Economy and Sustainable Technologies Research Center to focus in part on commercialized research related to green building technologies. The Oregon Economic and Community Development Department has been convening members of the green building industry to identify what more could be done to support the development of this industry as an economically competitive cluster.
2 Green building activities in Oregon appear to be concentrated in the Portland metropolitan area. According to the publicly accessible lists of LEED-certified and -registered projects produced by the USGBC, 73 % (45 out of 63) of certified or publicly listed registered projects in the state of Oregon were located in Multnomah, Clackamas and Washington counties. (USGBC, LEED Projects, Public List, September 5, 2007; note that not all registered projects are publicly listed, so the overall number of projects may be higher than noted here).
Clusters
Economic clusters have been described as geographic concentrations of interconnected companies, specialized suppliers, service providers, firms in related industries, and associated institutions (for example, universities, standards agreements, and trade associations) in particular fields that compete but also cooperate. (Porter 2000, p. 3) While the roots of modern cluster theory reach back to Marshall"s treatment of the "externalities of industrial location" in his Principles of Economics (Marshall, 1890 (Marshall, /1920 , more widespread application of cluster analysis to industrial development began to emerge in the 1980s. Markusen"s assessment of the steel industry in Chicago (1985) and Storper and Christopherson"s assessment of the motion picture industry in LA (1985) both contributed to the understanding of how clusters contribute to economic development. Markusen used input-output models to capture the economic exchanges within a sector, while Storper and Christoperson drew attention to the greater resilience clusters provide to a regional industry, allowing it to adapt to changing markets and other economic trends. Sternberg (1991) expanded the approaches taken in earlier studies to encompass the role of technological relationships between companies, the role of educational and research institutions, and the availability of skilled labor. Challenging the reliance on input-output models to assess a cluster"s health, Sternberg emphasized that the interrelationships between businesses that contribute to the health of a cluster extend beyond sales transactions to include "marketing, subcontracting, technological learning, interrelationships in product procurement and quality management, and the shared development of complementary educational institutions" (Sternberg, 1991, p. 352) .
Since the early 1990s, Harvard Business School professor Michael Porter has championed the concept that industry "clusters" play a critical role in competitiveness and successful economic development. Porter describes a cluster as a "system of interconnected firms and institutions whose value as a whole is greater than the sum of its parts" (Porter, 1996, p. 213) . Compared to traditional assessments of companies, industries or sectors, a cluster framework can help capture "important linkages, complementarities, and spillovers of technology, skills, information, marketing and customer needs that cut across firms and industries" (Ibid., p. 205). In addition, viewing a group of companies as a cluster can help identify "opportunities for coordination and mutual improvement in areas of common concern" and can provide a "constructive and efficient forum for dialogue among related companies and their suppliers, government and other salient institutions" (Ibid., p. 205).
Successful clusters can affect competition in several ways -by increasing the productivity of constituent firms or industries; by increasing their capacity for innovation and productivity growth; and by stimulating new business formation that supports innovation and expands the cluster (Porter, 1996) . Porter has developed the now well known "diamond" characterization of how clusters contribute to the productivity of an industry ( Figure 1 ). This study used the "diamond" framework to assess the dynamics of the green building cluster in Portland and to map the trends in the region in terms of job growth and business expansion.
Applying Cluster Analysis to Green Building
The green building cluster represents a subset of the businesses, institutions, policies and other factors that support the building industry. Figure 2 3 (page 28) offers a graphic representation of the elements that are represented in a green building cluster, while Integrating more environmentally friendly products and services into the built environment also requires the development of new supply chain relationships, which either steer existing suppliers to produce new products or that support the emergence of new businesses providing these new products and services. The need to assess the performance of such new materials and technologies similarly triggers the need for additional supporting institutional structure. All of these attributes argue for treating the firms and supporting infrastructure around green building as a cluster distinct from the overall building industry.
Applying a cluster framework to a "sustainable" or "environmentally friendly" subset of an industry poses analytical challenges. Porter"s work and most other cluster analyses use publicly available data sets such as employment and income. As Colgan and Baker (2003) note, these analyses are better suited for assessing clusters that have already formed and are already reflected in economic data than for clusters that are in the process of forming -or, in this case, emerging clusters whose interactions are defined by attributes that are not captured in NAICS codes, such as environmental attributes.
However, Sternberg notes that a cluster approach does allow investigation of emerging sectors, commenting that "…in many regions, the most interesting sectors may not be well-established ones, but rather clusters of firms whose incipient and emerging interrelationships can be strengthened through policy" (Sternberg, 1991, p. 353) .
To address the analytical constraints noted above, the study relied on interviews with key informants from the green building community in Portland and on statistics related to trends in green building certification in the region. (It is widely recognized that many green building activities are not captured by certification statistics; as a result, the estimation of green building activity provided by tracking these projects should be considered a conservative estimate). Estimates of the percentage of overall construction activity in the Portland region involved in green building activities were developed with input from the regional green building community, using the ranges used in the 2005 assessment of green building activity in Seattle (Berk and Associates, 2005) as a baseline for these estimates. These estimates were then used to calculate the approximate value of this green building activities in terms of wages paid in the Portland region.
Portland's Green Building Cluster
The presence of the types of industry segments and the players listed in Figures 2 and 3 do not in themselves prove that Portland hosts a competitive green building cluster -the nature of the relationships between these segments and players needs to be taken into account as well. Porter"s model identifies four primary conditions or regional characteristics that are needed to support the development of an economically competitive cluster:
1. demand conditions -strength of local and export demand; 2. factor conditions -costs, infrastructure, resources, and scientific and technical knowledge in the region, etc; 3. related and supporting industries -especially those providing for local sourcing of products and services; and 4. firm strategy and rivalry -cooperative and competitive relationships among firms in the cluster These categories provide an organizing framework to assess the cluster dynamics and related economic trends of the green building sector in the Portland area.
Demand Conditions in Portland
Colgan and Baker (2003) identify four dimensions of market potential that deserve attention in assessing a cluster:
 local demand -strong local demand helps an industry become more competitive as suppliers can get to know customers and their needs easily, and the high standards set by local customers force suppliers to produce better products that can be exported outside the region  export demand -industries that sell their goods and services in competition with firms outside the state provide tend to have higher productivity rates and therefore contribute significantly to a region"s prosperity  extent to which the markets served are growth markets vs. mature markets -demand expands more rapidly in growth markets compared to mature markets which tend to grow at about the same pace as the economy as a whole; as a result, clusters that create or serve growth markets are particularly important in terms of economic development impact.  breadth and diversity of markets served -a cluster should ideally develop a diversity of products serving a number of different markets.
Without exception, those consulted for this study indicated that they had observed significant growth in the demand for green building in the region over the past five years.
One green building consulting firm noted that while they estimated the national percentage of green construction activity at 5-7%, in Portland they estimated that might be "three times higher than the national average". Results of a survey of the adoption of noted that there is significant amount of green building activity that is not reflected in LEED certification statistics, suggesting that the overall level of activity is even higher than these statistics suggest.
When asked about other indicators of demand, several firms noted the significant increase in the number of RFPs that are being issued for green building projects, the number of new contracts their firms were obtaining related to green building, and the related increases in staffing requirements. All of the firms interviewed indicated that they would be expanding their green building related services; in the cases where the firm"s central focus is green building consulting, staffing was expected to grow significantly.
One green building consulting firm described growth in the past two years as "almost exponential" in response to demand both within the region and elsewhere -their staffing has tripled since 2005, and both revenue and the total number of projects has increased five-fold during this time as well. This firm has completed certification of 30 projects and currently has 150 active projects, 90% of which are seeking LEED certification.
These growth trends were noted by firms of all types -developers, architects, engineering firms, landscape architects, consultants, and suppliers. One landscape architecture firm in Portland noted that almost every project they worked on now has a green or sustainable element to it, compared to a decade ago when most of the demand was for "traditional" landscape projects. The million dollar investments that both Honda and Toyota have made in the region on sustainable landscape management were cited as one sign of the scale of investment in these activities. Portland"s leadership was also apparent in this area -the same firm estimated that, while 5% of landscape architecture work at the national level might be oriented toward green or sustainable practices, the percentage in Portland may be closer to 30%.
Lease-up rates are another indicator of the demand for green buildings in Portland. According to a leading developer, one condominium in Portland"s Pearl District sold-out ten months before completion while 90% of the another condominium"s units sold out more than nine months before the building was completed. (In addition to offering an indicator of the demand at the retail level for green buildings, the speed of lease-up represents a direct economic value to the developer due to the avoidance of vacant inventory).
Most of the firms interviewed work primarily in the commercial building sector, where green building activity has been concentrated. While green building in the residential sector still lags the commercial sector in terms of overall percentages, however, growth in demand in this sub-sector is also significant. Earth Advantage® staff estimate that over 10% of the 17,000-20,000 homes built in Oregon annually are being built to the Earth Advantage® program standards (Randy Hansell, Earth Advantage®, personal communication). The recent launch of LEED for Homes is likely to increase the percentage of activity in the residential sector. The growth trends for both Earth Advantage® and Energy Star® homes described in Table 1 offer additional evidence of the demand in this sector.
In addition to the robust trends in local demand for green buildings noted above, most of the firms interviewed indicated that there were "huge and growing" opportunities for them outside the region. The percentage of business that the firms conducted in the Portland area ranged from 25% to 80%. Several firms indicated that the demand for their sustainability related services outside the region had been growing significantly with the percentage of their work done outside of Portland was growing as a result. One green building consulting firm noted that the opportunities for growth outside of Portland were in fact greater than in the region, due to a maturing marketing in Portland, the relatively small size of Portland"s market overall, and the fact that firms in Portland are farther along in internalizing green building expertise. 4 In some cases the opportunities for expansion in other regions are limited by competition by larger firms at national levels, geographic distance, and by staff"s interest and ability to travel. The cost of marketing in distant markets and concern about the carbon footprint of travel are also limiting factors noted by some firms. In terms of the other considerations noted by Colgan and Baker (2003) , the rates of growth in this sector described above clearly distinguish the green building market as a growth market rather than a mature market. In terms of breadth and diversity of markets, the sector encompasses commercial, industrial, and residential construction activities, with strong demand from both the public and private sector. The sector is also reaching into the broader infrastructure development markets, driven in part by the development of LEED for Neighborhoods and community level commitments to green development, such as Shady Cove"s recent commitment that all development would meet Earth Advantage® standards.
In summary, there is strong evidence that demand for green building in Portland is significant and growing rapidly. While demand for green building in Portland has outpaced demand in other parts of the country, Portland firms are experiencing increased demand for their expertise outside of the region, in part because the region is viewed as a leader in this field. The early emergence of discriminating demand for green building locally appears to have provided firms with the opportunity to develop leading edge expertise in this field, positioning them competitively to take advantage of export opportunities.
B. Factor Conditions
Factor conditions supporting a cluster include the availability of adequate and appropriate human resources; the relative costs of doing business in a region; informational, physical and other types of infrastructure including the policy framework; the availability of natural resources, and the scientific and technical knowledge in a region. Assessing the nature of these factors in Portland reveals both strengths and weaknesses in factor conditions. Overall, however, this exploration provides additional evidence of the robust nature of this sector in the region.
Employment trends indicate that Portland"s green building industry is robust and growing. Employment growth has been significant for many of the firms consulted for this study, and firms clearly linked this growth to the increased investments in green In addition, there is a shortage of qualified staff in some areas, in part because the demand for expertise in these areas has grown but also as a result of a lag in the supporting educational and training infrastructure. Several firms noted that it is very difficult to find qualified people in certain engineering fields as well as in energy modeling and commissioning.
Mitigating these challenges to some extent is the fact that Portland"s reputation as a leader in green building and its broader commitment to sustainability allow firms to attract high quality staff from across the country. As the tag line of one firm -"Importing Talent, Exporting Sustainability" -suggests, this firms is attracting extremely highly qualified individuals from all over the country -many of whom are attracted to Portland because of the critical mass of activity and expertise in green development as well as the quality of life. One engineering firm who has experienced employment growth of 25% in recent years indicated that their reputation for sustainable design has greatly improved their recruitment nationally. In recent years they have hired engineers from Pennsylvania, Ohio, Maryland, Colorado, Kansas, Alaska, and California. A leading developer also noted that the firm"s sustainability focus had contributed to its ability to attract very "progressive and qualified" individuals.
The presence of supporting institutions is another factor critical to a cluster"s success, and the number of such institutions in the Portland area is impressive (see Figure 3) .
Institutions identified by interviewees included, among others, the Oregon Natural Step Building Services and Brightworks Northwest was also cited as an asset to the region.
Industry associations are also critical to help foster and maintain relationships among firms in a cluster, provide regular means of communication, share resources to address common needs, and showcase industry trends and issues (Colgan and Baker).
Respondents across the board referenced the Cascadia Chapter of the U.S. Green
Building Council as a key regional resource providing education, communication, and leadership in the field. This organization was also cited as helping lead the regional industry "beyond LEED" to consideration of "living buildings" and other innovative approaches. Firms noted that this push toward "continuous improvement" would likely help the regional industry maintain its national leadership in innovation.
Universities and research organizations that provide high quality, relevant educational and research resources are another important contributor to the development of a competitive cluster (Colgan and Baker, 2003) . While many of the institutions noted above provide education, training and research support, however, there appears to be a need for additional educational programs as well as research and development in the Another firm estimated that 50-80% of A&E firms and 50% of general contractors in commercial building are involved in green building, with perhaps 50-60% of total commercial building activity including some form of "green" measures. One construction firm estimates that 75% of architects in Portland have had experience with at least one green building.
In terms of competition, most respondents indicated they competed with local and regional firms, and several respondents indicated that they also frequently competed with national firms for their work. In some areas, the amount of work available mitigated most conflict around this competition; as one firm noted, there is "plenty of work for everyone".
In addition, several firms commented that Portland had a more collaborative culture than other communities they were familiar with, and that this culture providing a rich foundation for shared learning and innovation in the region. Several firms noted that they would frequently team with competing firms on projects. The regional energy around innovation "beyond LEED" and the related support for continuous improvement in green building practices noted above also relate to this aspect of cluster development, as a regional culture that supports ongoing innovation provides a strong foundation for the industry"s continued national competitiveness.
D. Related and Supporting Industries
Having regional businesses that can supply key inputs into an industry is another important factor needed to support a strong industry cluster. In addition, the materials that are sourced from within a region contribute to the overall economic impact related to that sector"s activity. In the case of green building, the voluntary LEED credit that projects can qualify for based on materials that are sourced from within 500 miles of the project site creates an added incentive to find existing suppliers or foster new suppliers within this geographic range.
Several firms indicated that their first choice is to buy local, both in their projects and for their office supplies and other expenditures. One architecture firm estimated the value of locally sourced office products and services at $1 million in 2006 -while this is an indirect economic impact of the sector, it is important to recognize the impact of such expenditures. The approximate value of this firm"s projects in design or construction that year was $500 million. One construction firm noted that between 30-35% of the products used in their projects come from within 500 miles, representing around $45 million in value. A developer referenced the LEED Local/Regional Materials credit that they had earned for several recent projects as an example. (This credit requires tracking the percentages of total material cost that was are either extracted or manufactured locally or regionally). In these projects, the cost of locally manufactured products ranged from 21 to 26% of total project cost and the locally extracted products ranged from 54 to 89% of total project cost.
Most of those interviewed indicated that local supply chains were relatively robust, although some products and services such as some types of glass are not as readily available in the region. A recent assessment contracted by the Portland Development
Commission and the Office of Sustainable Development on import substitution will help provide information about areas where economic development opportunities could be expanded through the development of green building products and services that are currently not available in the region.
. The presence of several green building consulting firms in the region who are national leaders in the field was cited by several firms as offering a significant advantage to the green building sector in the region. In addition, as noted above in the discussion of factor conditions, Oregon"s rich natural resource base was cited as an asset to the green building community; there may be additional opportunities to expand the regional supply of biobased products through the work of the Oregon Bio-Economy and Sustainable
Technologies Research Center.
Discussion of Portland"s Green Building Cluster Figure 4 (page 30) summarizes the main elements related to Portland"s green building industry. As this figure illustrates, all of the elements of the cluster contribute to the success of the sector, including local and export demand, a critical mass of leading edge firms, strong supporting institutions, qualified employees, and a robust supply chain. As
Sternberg emphasized, the interrelationships between businesses that contribute to the health of this cluster in Portland clearly extend beyond sales transactions to include "marketing, subcontracting, technological learning, interrelationships in product procurement and quality management, and the shared development of complementary educational institutions" (Sternberg, 1991, p. 352) . Together, these factors provide a foundation for innovation and growth in this field.
Portland"s green building cluster appears to support the competitiveness of firms in the region in several of the ways that Porter has posited -by increasing firms capacity for innovation and productivity growth and by stimulating new business formation that supports innovation and expands the cluster (Porter, 1996) . The growth rates and national leadership of the cluster in this region offer significant economic development benefits, including job creation, increased revenues, and growing demand for Portland-based firms in other regions of the country. "Place" matters -firms clearly see being located in
Portland as a meaningful advantage, both in terms of the levels of local demand and the branding opportunity related to Portland"s reputation as a leader in this field.
Initial Observations on the Economic Value of Portland's Green Building Sector:
The initial intention of this study was to conduct an assessment of the economic value of green building in Portland equivalent to that conducted by Berk and Associates on behalf of Seattle"s Office of Sustainability and Environment and Office of Economic Development (Berk and Associates, 2005) . Such an extensive assessment was not possible, however, due to lack of access to some of the types of data used in the Seattle study as well as time constraints.
The interviews in the study do offer a few anecdotal examples of the financial value of green building activities at the firm level. For example, the value of one architecture firm"s active projects in 2006 was $500 million; another firm estimated the value of its locally sourced materials in 2006 at $45 million. However, additional information about the actual economic value of the sector to the region would also be helpful in understanding its relative impact on the economy and wealth creation in the region.
One economic indicator -payroll data for three counties that are the focus of this studywas analyzed for this study, using the assumptions in the Seattle study as a baseline with some adjustments. The Seattle study estimated the economic activity related to green building by developing a minimum and maximum range for the NAICS categories considered to represent the green building industry in the region (see Table 2 ). Using this methodology, the study estimated Seattle"s green building related wages as between $60 million and $195 million in 2002. Several factors were taken into account in terms of how the of these percentages might inform the Portland study. First, Portland has more LEED certified buildings than Seattle, despite being a smaller city. Second, the Seattle study used 2002 wage data, and growth trends for green building have been significant since this time. Third, the Seattle report explicitly noted that Portland had a number of policies in place that made it more supportive of the green building cluster than Seattle was at the time. For these reasons, it seemed reasonable to use as a baseline percentage figures that are slightly greater than those used in the Seattle study -conservatively, one additional percentage point was used for the minimum value and maximums in the range in most cases. In some cases information provided by respondents or other data supported using maximums that were higher than this. Table 3 should be considered very conservative. This assessment does not extend to the analysis of revenues, taxes, or the indirect economic benefits associated with green building activity. Additional research into these impacts would provide a more robust estimate of the economic contributions of the sector in the region.
Summary and Conclusions
This study indicates that there is a thriving green building cluster in the Portland region and that this cluster has seen significant -even "exponential" -growth in recent years.
The vibrancy of this cluster can be attributed to many of the factors identified in Porter"s "diamond" as important to cluster competitiveness. These include strong local demand for green building projects in the private and public sectors; a critical mass of firms that both compete and collaborate; a strong foundation of supporting institutions, including supportive policies, incentive programs, and technical assistance and networking organizations; and a rich pool of talent, as well as the ability to attract top notch professionals from across the country. Challenges to the continued growth of the industry include the lag in education, training, and research and development capacity in the region, as well as the relatively small size of the Portland market overall.
Applying a cluster framework to a "sustainable" or "environmentally friendly" subset of an industry poses analytical challenges due to the lack of data sets that capture the types of attributes that distinguish "green" building from construction generally. This study offers a qualitative approach to mapping the cluster that may inform analysis of other emerging sustainability clusters.
In addition, while this research does not offer a comprehensive quantitative assessment of the economic contribution that the green building cluster is making to Portland, several indicators are provided that give a sense of the magnitude of these contributions. The conservative estimate of wages in the Portland area associated with the green building sector suggests that these wages add up to between $355 million and $960 million on an annual basis. This assessment did not extend to the analysis of revenues, taxes, or the indirect economic benefits associated with green building activity, which would significantly increase the contribution the sector makes to the region. 
